Pethidine requirements and verbal pain scores were recorded in 36 patients after cholecystectomy via subcostal incision. All patients also received 20 ml 0.5% bupivacaine with adrenaline 11200,000. Group 1 (12 patients) received unilateral intercostal nerve blocks. Interpleural catheters were inserted through the 8th intercostal space in the remaining patients; 12 received local anaesthetic via the catheter immediately after surgery (Group 2) and 12 were given local anaesthetic at three hours (Group 3). Small asymptomatic pneumothoraces were noted on chest X-ray in six of the 24 patients with interpleural catheters. Both types of local anaesthesia produced lower pain scores than pethidine alone (P < 0.05) with 25% of intercostal nerve blocks and 63% of interpleural catheters requiring no pethidine in the following three hours. The provision of catheter 'top-ups' between six and 18 hours after surgery also resulted in lower pain scores and a reduction in pethidine requirements (P < 0.05).
Analgesia following upper abdominal surgery is important in the prevention of pulmonary complications. 1,2 Intercostal nerve blocks supplemented by parenteral opioids are widely used, but the nerve blocks are often not repeated if the anaesthetist is not available. Patient-controlled IV analgesia or fixed rate infusions of opioids requires special equipment and the use of epidural opioids without a high level of monitoring is controversial.
In 1986 Reiestad and Stromskag 3 the administration of local anaesthetic into the pleural space via an interpleural catheter. The efficacy and safety of this technique for pain relief after upper abdominal surgery has been supported in subsequent reports,4,5 although minor pneumothoraces were detected 4-6 hours after catheter insertion in 4 out of 21 patients in one series and central nervous system toxicity due to the bupivacaine has been reported. 6 The aims of the present study were to compare the quality and duration of analgesia from routine unilateral intercostal nerve blocks with the use of an interpleural catheter following cholecystectomy. METHODS Thirty-six patients were studied following cholecystectomy with a subcostal approach.
Their ages ranged from 19-78 years (mean 54 years) with 17 females and 19 males. All patients were classified as ASA I or 11 and patients with disorders of coagulation, sepsis or inflammatory lung disease were excluded. Informed consent was given prior to surgery and patients who had difficulty with English were also excluded. Approval for the study was given by the hospital ethics committee.
Patients were randomly allocated to three groups. Group 1 received intercostal nerve blocks immediately after surgery. In Groups 2 and 3 an interpleural catheter was inserted prior to recovery from general anaesthesia. Local anaesthetic was injected through the catheter at the time of insertion in Group 2, but in Group 3 saline was injected initially and local anaesthetic at three hours.
The inclusion of a group to be given only opioids throughout was vetoed by both the participating surgeons and the ethics committee.
General anaesthesia and surgery
Premedication was with pethidine 50-100 mg IM one hour before surgery. Anaesthesia was induced with thiopentone, fentanyl (100-200 Ilg) and vecuronium and maintained with nitrous oxide and enflurane. Duration of surgery ranged from 40-120 minutes and no complications were noted during the procedure. A similar subcostal approach was used in all cases, although a total of six surgeons performed the operations.
Intercostal nerve blocks
These were inserted after extubation when the patient arrived in the recovery room. A 23-gauge needle was inserted below the 6th to 12th ribs in the right posterior axillary line with the patient in the lateral position. A total of 20 ml 0.5% bupivacaine with adrenaline 1 :200,000 was used.
Interpleural catheters
Patients were placed in the left lateral position prior to extubation. A Tuohy needle was inserted into the 8th intercostal space immediately above the rib and posterior to the posterior axillary line. A lubricated 20 ml glass syringe containing 5 ml of air was attached and the needle advanced upwards and medially until the plunger fell. An I8-gauge catheter (Portex) was inserted 10 cm into the pleural cavity and a bacterial filter attached. The endotracheal tube was disconnected during insertion of the needle and catheter. After insertion the catheter was aspirated in an attempt to remove introduced air. Patients were transferred to the recovery room and placed supine with 20-40 degrees right tilt before injection of saline or local anaesthetic through the catheter. Experiment protocol Patients in Group 1 received intercostal nerve blocks in the recovery room, but no other local anaesthesia. In Group 2 there was an initial injection of 20 ml 0.5% bupivacaine with adrenaline 1 :200,000 through the interpleural catheter and a control 5 ml normal saline injection after three hours. Patients in Group 3 also with interpleural catheters received 5 ml saline initially and the local anaesthetic at three hours after surgery. Blood pressure and heart rate were measured at 5-minute intervals for 20 minutes after the initial interpleural injection oflocal anaesthetic. The patients with interpleural catheters (Groups 2 and 3) were further randomised to receive only a single injection of local anaesthetic or 'top-ups' on request between 6 and 18 hours after surgery. On each occasion 20 ml 0.5% bupivacaine with adrenaline was given with a minimum interval of four hours between doses.
Pethidine was administered as required to all patients, half-hourly for the first six hours (50 mg IV bolus) and then by two-hourly intramuscular injection (75-100 mg). In the first six hours patients were questioned about their level of pain at least hourly by one of the investigators. Pain was scored according to a 0-4 scale ( Table 1 ). The observers were not 'blind', but the patients were not informed when saline rather than local anaesthetic was injected into the catheters. A pain score ofless than 2 was aimed for without excessive sedation or respiratory depression due to the pethidine. The criterion used therefore to determine the need for additional analgesia was the presence of pain on respiration or coughing which might predispose to the development of pulmonary complications.
An analogue pain scale was not used for two reasons. The presence of pain on movement, especially with deep breathing, was considered to be important as well as pain at rest and therefore specific questioning was required. Second it was anticipated that patients would have difficultly in completing an analogue scale in the immediate postoperative period due to visual problems, the presence of a face-mask and poor co-ordination. After six hours pethidine (75-100 mg IM) was administered by the nursing staff who also requested 'top-ups' with local anaesthetic to be given by one of the investigators. An average pain score for the period 6-18 hours was assigned after interviewing the patient and nursing staff on the morning after surgery.
A chest X-ray was taken in patients from Groups 2 and 3 at 18-24 hours (prior to removal of the catheter) to check for pneumothorax or atelectasis.
Statistical analysis
Mean values for pain score and pethidine dosage for 0-3 and 3-6 hours after surgery were compared by one-way analysis of variance. A significant F value (P < 0.05) was obtained in each case and the means for Groups 1-3 were then compared using the 'Studentized range' test. In the figures error bars indicate standard error of the mean obtained from the analysis of variance as (error mean square/n).'h
RESULTS
The only complications observed due to the regional anaesthetic techniques were minor pneumothoraces present on chest X-ray at 18 to 24 hours in six of the 24 patients with interpleural catheters. All were asymptomatic and undetected clinically. In five patients only a thin line of air was present, but in one patient the pneumothorax occupied about 10% of the lung field. The pneumothorax in that patient resolved after two days without treatment and subsequently more care was taken to aspirate any air from the catheters at the time of insertion and prior to removal. Pneumothorax was not detected clinically in any patient after intercostal blocks. There were no signs of local anaesthetic toxicity and no changes in blood pressure or heart rate attributable to the local anaesthetic were observed. Minor pulmonary atelectasis was noted in the postoperative X-rays of seven patients with catheters in situ, but a comparison between the groups could not be made as chest X-rays were not performed after intercostal nerve block. Mean values for pain scores and pethidine dose in the six hours after operation are presented in Table 2 . Either intercostal nerve blocks (lCB) or local anaesthetic via interpleural catheter (IPC) combined with IV pethidine provided more effective analgesia than IV pethidine alone in the three hours after recovery from anaesthesia (Figure 1 , P < 0.05). The local anaesthesia via IPC was most effective for the initial three hours after administration. The pain score increased for the subsequent three-hour period in Group 2, although in that period the pain score in Group 3 (local anaesthetic injection at three hours) was reduced by 0.7 (standard error of difference (SED) 0.3) compared with the average of Groups 1 and 2. The total pethidine dose for each period was also used an an indication of the degree of analgesia provided by the local anaesthetic. (Figure 2 ). In Group 2 (lPC with bupivacaine) the pethidine requirement in the initial three hours was lower than the average for Groups 1 and 3 (P < 0.05), although the individual comparisons did not show a significant difference ( Table 2) . Pethidine requirements were also reduced by 42 mg, (SED 13 mg) in the 3-6 hour period in Group 3 compared with the mean of Groups 1 and 2 (P < 0.01).
PETHIDINE REQUIREMENT
Groups 1 and 2 received no local anaesthetic in this period, but Group 3 received bupivacaine at three hours via IPC. This difference between Groups 2 and 3, combined with the changes in pain scores, suggests that the duration of the analgesia from the interpleural bupivacaine was about three hours.
The intercostal blocks were all performed by anaesthetists and anaesthesic registrars experienced in the technique. Their independent assessment was that the procedure was of benefit to the patients. It is therefore surprising that a similar amount of pethidine was administered initially to patients that had either ICB with bupivacaine or IPC with control saline injection. However, mean pain score was reduced by ICB compared with Group 3 as indicated above and three of the twelve patients with ICB required no pethidine supplements. In contrast 15 of the 24 patients required no pethidine in the three hours after interpleural bupivacaine injection. If patients were given no further local anaesthetic in the 6-18 hours after surgery no difference was observed between the IPC and ICB treated groups (Figure 3 ). The provision of catheter 'top-ups' in response to requests by the nursing staff resulted in a reduction in pethidine requirement of 165 (SED 47) mg (P < 0.01) and in average pain scores of 1.1 (SED 0.28, P < 0.05).
DISCUSSION
Postoperative pain is often inadequately relieved by systemic opioids alone, particularly if they are given by intermittent injection. This results in transient high plasma concentrations which may induce nausea, vomiting or respiratory depression and longer intervals below an effective plasma concentration. 7 After upper abdominal surgery such as cholecystectomy good analgesia is also required to avoid pulmonary complications. 2 Intercostal nerve blocks are effective, but repeated injections are uncomfortable for the patient and timeconsuming for the anaesthetist. The interpleural catheter technique employed in this study is technically simple and has been reported to be extremely effective after upper abdominal surgery in several series. Its use however was not beneficial after thoracotomy and a high incidence of catheter misplacement was described when patients had underlying pulmonary pathology.8,9
In their original paper Reiestad and Stomskag 3 reported that only three out of 81 patients required additional analgesia after 20 ml 0.5% bupivacaine and that the first dose was effective for an average of ten hours. Brismar dose was completely effective in eight out of nine patients, but noted that the duration was less than six hours in many patients. In the present series the use of pethidine was temporarily avoided in only 15 out of 24 patients and although the protocol did not allow an accurate determination of the duration of analgesia, this was less than six hours in most patients. This reduction in efficacy could be due to differences in technique, patient differences or to different criteria being used to determine the need for additional analgesia. Our patients were assessed very frequently in the six-hour period after surgery and analgesia given according to their performance rather than only on request. The interpleural catheter technique was, however, more effective than intercostal nerve blocks in the initial three hours, reducing both the average pain score and the pethidine requirement, but the duration of effect did not differ significantly.
The pain score achieved with the combination of IV pethidine and intercostal blocks indicates an absence of pain at rest and is a better result than is normally accepted at this hospital following cholecystectomy. A similar pethidine dose was administered to the control Group 3 despite a higher average pain score. The observers were reluctant to give further pethidine once the patients were sedated and not obviously distressed. This reflects a common concern about respiratory depression, but no measurements were obtained to indicate that this was in fact present. One objective of this study, to relieve pain on deep breathing and movement, was not met in this group. We do not believe therefore that the similar doses of pethidine administered in the initial three hours in Group 2 and 3 imply a failure of the intercostal blocks.
U se of control saline injections via the interpleural catheter did not demonstrate any placebo effect. In contrast only one patient felt that the local anaesthetic dose had no effect. Possible explanations of a lack of effect in certain patients could be a failure to penetrate the pleura or the presence of extensive pleural thickening due to old inflammation. In either case spread of the local anaesthetic could be limited to only a few intercostal spaces. The best analgesia overall was achieved between three to six hours postoperatively in the group that received interpleurallocal anaesthetic at three hours. In these patients IV pethidine had been titrated to achieve an optimum response prior to use of the catheter. This illustrates the advantage of a combined technique.
Important benefits of the interpleural catheter technique are the ease of insertion and the ability to deliver further local anaesthetic by bolus injections or infusion. The local anaesthetic spreads widely in the interpleural space 4 but its site of action is unclear. In addition to the intercostal nerves the splanchnic and sympathetic nerves could be involed. It is unlikely however that extensive sympathetic blockade occurs as only very minor blood pressure changes were reported in one series 5 and could have resulted from the relief of pain. Therefore repeat doses could probably be given by relatively inexperienced staff if care was taken to avoid local anaesthetic toxicity. Only one case of toxicity has been reported and this occurred in a patient with inflammation of the pleura. 6 The plasma levels measured by Stromskag et al. 5 were well below toxic levels, but the use of a vasoconstrictor with the bupivacaine is probably advisable.
The incidence of pneumothorax following IPC was probably due to entrainment of air during the procedure rather than lung puncture. The needle was introduced prior to reversal of the muscle relaxant and with the endotracheal tube disconnected. The amount of air was barely detectable on chest X-ray in five of the six cases and there was no continuing leak as might be expected from puncture of the lung with a 17-gauge Tuohy needle. It is likely that the incidence of detectable pneumothorax could be reduced with increased experience of the technique. The needle can be occluded between removal of the glass syringe and introduction of the catheter and the catheter aspirated after insertion and prior to removal.
At the present time there have been no comparsions of the interpleural catheter with the use of epidural local anaesthetic or epidural opioids after upper abdominal surgery. The potential side-effects of these techniques however has meant that their use has been extremely limited. Generally a level of monitoring has been considered necessary that is difficult to achieve in the general surgical ward. The most obvious theoretical complication of the interpleural catheter, pneumothorax, has so far not been reported to be a significant clinical problem with this technique. It therefore presents a relatively straightforward method of improving the quality of pain relief after upper abdominal surgery which could be applied in most hospitals.
